Introduction
The impact toughness for high nitrogen Cr-Ni-Mo duplex stainless steels is known to be degraded during aging at temperatures around 900 K. Many investigators [1] [2] [3] [4] [5] [6] proposed that such degradation of the impact toughness was caused by the precipitation of s phase during aging. The relationship between the impact toughness and the microstructural change was experimentally studied by the present authors 7) using a commercial steel containing 24.7 mass% of Cr, 6.8 mass% of Ni, 2.8 mass% of Mo, 0.14 mass% of N and 0.017 mass% of C. The steel was aged at 873K for various times and then metallographically observed by transmission electron microscope. According to the observation, however, the R phase is formed much earlier than the precipitation of the s phase during the aging and the formation of the R phase results in remarkable degradation of the impact toughness at early stages of the aging. Here, the crystal system and space group of the R phase are hexagonal and R3 -, respectively, and its lattices parameters are aϭ1.0903 nm and cϭ1.9342 nm 8) . The phase stability of the R phase increases with increasing Mo concentration in the steel. 9) In the present study, influences of Mo and N on the impact toughness were experimentally examined using high nitrogen 25Cr-7Ni-Mo steels aged at 873 K in a similar manner to a previous study.
7)

Experimental
Two different high nitrogen Cr-Ni-Mo duplex stainless steels were newly prepared by vacuum induction melting in the present study. The chemical compositions of these steels as well as that of the steel in a previous study 7) are listed in Table 1 . In this table, alloy 25Cr-7Ni is a commercial steel containing 2.8 mass% of Mo and 0.14 mass% of N utilized in a previous study, whereas alloy 25Cr-7Ni-N is a commercial steel containing 3.8 mass% of Mo and 0.27 mass% of N. On the other hand, alloy 25Cr-7Ni-Mo is a
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KEY WORDS: duplex stainless steel; nitrogen; R phase; molybdenum; impact toughness; aging treatment; precipitation; morphology. model steel with Mo and N concentrations of 5.0 and 0.17 mass%, respectively. The concentration of C is about 0.02 mass% for these steels. All the steels were hot rolled and then solution heat treated at 1 323K for 3.6 ks, followed by water quenching. After the solution heat treatment, the steels were aged at 873K for various times between 1 and 1.08ϫ10 4 ks. On the aged steels, Vickers hardness tests were carried out at a load of 98N, whereas Charpy impact tests were made at a temperature of 273 K using half-size V-notch specimens of JIS-Z2202-No.4 with a size of 5.0ϫ10.0ϫ 55.0 mm 3 . The microstructure was observed by transmission electron microscopy (TEM) and by optical microscopy.
Results and Discussion
Typical microstructures of the solution heat treated steels are shown in Fig. 1. Figures 1(a) and 1(b) indicate optical micrographs of alloys 25Cr-7Ni and 25Cr-7Ni-N, respectively. As can be seen in these figures, two-phase microstructures consisting of body-centered cubic (b.c.c) ferrite (a) and face-centered cubic (f.c.c) austenite (g) are realized after the solution heat treatment. In these two-phase microstructures, the matrix and second phases are the a and g phases, respectively. The volume fractions of the a and g phases are almost the same in both alloys as shown in Figs. 1(a) and 1(b). Figure 2 indicates the aging time dependencies of the Vickers hardness for alloys 25Cr-7Ni and 25Cr-7Ni-N at 873 K. Our previous results 7) show that, after an incubation time of about 30 ks, the Vickers hardness of alloy 25Cr-7Ni gradually increases with increasing aging time t and that this gradual increase is caused by the formation of s phase. A significant increase in the Vickers hardness after tϭ 3.6ϫ10 2 ks is attributed to the formation of a large volume of bulky s phase. 7) Alloy 25Cr-7Ni-N also shows a gradual increase in the Vickers hardness after an incubation time of about 50 ks and a large increase in the hardness after the aging for tϭ5ϫ10 3 ks. This large increase in the hardness is retarded by about 10 4 ks comparing with that of alloy 25Cr-7Ni. This means that the high nitrogen content retards the formation of a large volume of the s phase.
The aging time dependence of the Charpy impact value is shown in Fig. 3 . Solid squares, circles and triangles in this figure indicate the results of alloys 25Cr-7Ni, 7) 25Cr-7Ni-N and 25Cr-7Ni-Mo, respectively. A significant loss of the impact toughness for alloy 25Cr-7Ni occurs after the aging for tϭ3.6 ks. The previous results indicate that the aging stage for the significant loss of the impact toughness corresponds to the stage, where the R phase is formed but the s phase is not yet formed. 7) Figure 3 also indicates that alloys 25Cr-7Ni-N and 25Cr-7Ni-Mo show a large decrease in the impact toughness after the aging for 18 and 10.8Ϫ36 ks, respectively.
Figures 4(a) and 4(b) indicate bright-filed (BF) and dark-filed (DF) images, respectively, for alloy 25Cr-7Ni-N aged at 873 K for tϭ18 ks, whereas Fig. 4(c) shows a se- BF images of alloy 25Cr-7Ni-N aged at 873 K for tϭ3.6, 10.8, 18 and 36 ks are shown in Figs. 5(a), 5(b), 5(c)  and 5(d) , respectively. Figure 5(a) indicates that tiny dot like precipitates and coalesced particles are formed on dislocations and subboundaries as well as within grains in the a phase matrix after the aging for tϭ3.6 ks. Such a microstructure, however, has no effect on the impact toughness of the alloy. After the aging for tϭ10.8 ks, a small increase in the distribution density of these precipitates is observed, as shown in Fig. 5(b) , and this causes a slight decrease in the impact toughness. For tϭ18 to 36 ks, a large number of platelet precipitates of the R phase are observed in Figs. 5(b) and 5(c) , respectively. Accordingly, a large loss of the toughness is attributed to the formation of a large distribution density of the R phase platelets.
Typical BF and DF images of alloy 25Cr-7Ni-Mo aged at 873 K for tϭ36 ks are shown in Figs. 6(a) and 6(b) , respectively. Also in these figures, the matrix and precipitate phases are the a and R phases, respectively. Figure 6 (c) indicates SAD patterns for the a and R phase. In Fig. 6(d) , major spots of the SAD pattern for the R phase are depicted as solid circles, whereas those of the SAD pattern for the a phase are drawn as smaller open circles. The zone axis of the SAD pattern for the a phase in Fig. 6(c) is [001] a , and the DF image in Fig. 6(b) is obtained using the (4 -44 -) R spot of the SAD pattern for the R in Fig. 6(c) . Figure 7(a) shows a BF image of alloy 25Cr-7Ni-Mo aged at 873 K for 10.8 ks, whereas Fig. 7(b) indicates a SAD pattern for the a phase. The zone axis of this SAD pattern is also [001] a . On the other hand, Fig. 7(c) shows a BF image obtained by tilting the specimen by an angle of 27.5°with the rotation axis parallel to the vertical direction of Fig. 7(a) . As shown in Fig. 7(a) , the R phase indicates the growth in the direction perpendicular to [110] of the a phase matrix. These precipitates are considered to be noodle like or platelet precipitates. From Figs. 7(a) and 7(c), we can see that these precipitates are thin platelet precipitates formed on the {110} planes of the matrix, because thin images of the precipitates observed in Fig. 7 (a) become wide images in Fig. 7(c) . The indeterminate form precipitates marked with A to C in Fig. 7 (a) are considered to be thin platelet precipitates formed along other {110} family planes (not parallel to the incident electron beam) of the matrix. A large distribution density of the thin and fine platelet precipitates of the R phase formed on the {110} planes of the a phase matrix are considered to induce the brittle fracture of the a phase matrix along the {100} a cleavage planes and to cause the significant loss of the toughness of the material.
Conclusions
The effects of the formation and morphology of the R phase on the impact toughness for high nitrogen 25Cr-7Ni-Mo duplex stainless steels aged at 873 K have been experimentally observed. On the basis of the observations, the following conclusions have been drawn.
(1) Thin and fine platelet precipitates of the R phase cause the significant loss of the impact toughness.
(2) The platelet precipitates of the R phase are formed along the {110} planes of the b.c.c.-a phase matrix at early stages of the aging. These precipitates may result in the brittle fracture of the a phase matrix and thus will induce the significant loss of the toughness of the steels. 
